Adhesion molecules in skin development: morphogenesis of feather and hair.
Figure 9 summarizes the morphogenetic process of feather and hair. Hair of feathers are formed from a layer of homogeneously distributed mesenchymal cells. The mesenchymal cells start to condense to form foci in response to some unidentified induction signal (Fig. 9B). Several adhesion molecules, including L-CAM, N-CAM, integrin, tenascin, as well as proteoglycan, are involved. These adhesion molecules appear to have different roles in this process, because perturbation with specific antibodies leads to different aborted patterns. Hair or feather follicles then form following cell proliferation and epithelial invagination (Fig. 9C). The dermal papilla is enriched with N-CAM and tenascin, whereas the feather collar (equivalent of hair matrix) is enriched with L-CAM and PDGF receptor. Epithelial cells in the feather collar receive a signal from the dermal papilla and are able to continue to divide. Several growth factors, such as PDGF and EGF, may be involved. As epithelial cells are pushed upwards, they differentiate and keratinize in a cylindrical structure into hair. In feather, another morphogenetic event takes place to form the branched structure. The epithelial cylinder of the feather shaft invaginates to form rows of cells that die to become space and create the secondary branch or barbs (Fig. 9D). N-CAM is enriched in the cells destined to die and appears to form the border of cell groups within which the "death signal" is transmitted. In some, but not all, feathers the same process is repeated, in a way analogous to fractal formation, to form the tertiary branches or the barbules (Fig. 9E). Thus, in each step of the morphogenesis of feather and hair, different adhesion molecules are expressed and are involved in different functions: induction, mesenchymal condensation, epithelial folding, and cell death, depending on different scenarios. We have just begun to elucidate these molecular events.